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AB - Method for the culture of hematopoietic stem cells (HSC) {such as 

human umbilical or peripheral HSC) of phenotype CD34+ c-kit-, consists 
of culture in liquid medium in a cell -adhesive culture vessel in the 
presence of HSC growth factors (especially colony stimulating factors) 
such as flt-3 ligand (FL), interleukin-6 , interleukin-7 and CD34xL. 
The culture vessel is preferably a polystyrene vessel with the culture 
surface treated to strengthen its cell-adhesive properties. The 
preferred culture medium is alpha -MEM or IMDM medium containing 10% 
bovine fetal serum (FBS) and 10% equine serum, and containing 100 
ng/ml FL, 10 ng/ml interleukin-6, 10 ng/ml interleukin-7 and 10 mu 
g/ml immobilised anti-CD34 antibody* 

The culture is carried out preferably at 37 [deg]C under $% carbon 
dioxide . 
- USE : 

The method is used for the effective culture of HSC for which no 
satisfactory culture method has previously been available, to give HSC 
for therapeutic and investigational uses. 
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(54)TiUe: METHOD FOR CULTURING HEMATOPOIETIC STEM CELLS 


(57) Abstract 

A novel liquid culture technique for hematopoietic stem cells for which no effective culture technique has hitherto been established. A 
method for cul luring hematopoietic stem cells, characterized by subjecting human hematopoietic stem cells, with the phenotype thereof 
being characterized as CD34 + and c-kif , to liquid cuituring in the presence of a hematopoietic stem cell growth factor in an adhesive 
incubator; and hematopoietic stem cells which are useful for clinical applications and studies and are propagated and harvested by the above 
method. 
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Cat. No. MS- 8024R, Sumitomo Bankelite Co. , Ltd. , Tokyo, 
Japan) $ fit X ? 'J a -*t9^WS*'J^atfU> 
10 5£ 1 . 7 m 1 f a - y ( GENE twist top vial ; Cat. No. 
1441, Yashima Purechemica 1 s Co. , Ltd. , Osaka, Japan) 
C i I I /Co 

»COiO*ttT^ CO^ > + a<-^ - (Tabai, 
15 Japan) ^irT^tUfcc 

X. t h F L (recombinant human flt-3 ligand, rhFL : 
Cat. No. 80-3692-01, Genzyme, Cambrige, MA, USA) ^ 
IE^X.t M L - 6 (recombinant human I L - 6 , rhIL-6: 
20 Cat. No. 1131567, Boehlinger Mannheim Biomedica, 
Germany) ^ fz \± & X. t h I L-7 (recombinant 
human IL-7, rhIL-7 : Cat. No. Fl- 1587- 1, Genzyme, 


WO 98/21313 


PCT/JP97/03797 


1 7 

Cambrige, MA, USA) m <D *r 4 b 4 >*fl!^fc« 

}jiC D 3 4 ^ 7 XIIIK# (Cat. No. 550018, Beet on 
Dickinson I mmunocy tome try Systems, SanJose, CA, 
USA) £ 1 0 n g / m 1 ©Ift tti5 CP B SCOT 

5 # ?X b. 2 4^i;l/^l/ - MC 3 0 0 1 o'oillfco 
3 7°CT-6 0 # m << b In St fifc l> 

jfc a-MEM(10%FBS+10%HoS^^-^) 
* M b T v 3 7 °C T* 3 0 # H 7* o <y 4- > ^ b 
tfC^TN PBS (0. 1%FBS^W) 
10 3|^f lt$iC D 3 4irC#:^EI^^bU/c:^«^7 0 l/- 
h £ IS §g U & b tltztft C D 3 4SL^@ffiYk^l/ - hJi 
■CCDS 4»14Ii*#*tSuii:J;ot, CD 3 4 

mnmmKidLxc d 3 4 x l * *r ft ^ ^ Q 

«B JSS 14 x f #^i^tX 7 f ^ 9 2 4 ry 

15 i^^lx-h«fcl3iaJRU> — 9S4^^^ f-;Hr;Vn-X 
Jfcflfe (Methocult GF H4434V, Stemcell technoloies" 
Inc. , Vancouver, BC, Canada) b T\ 0. 8ml 

o'o^^^x/l/^lz-h (Cat. No. 76-063-05, Flow 
Laboratories Inc., McLean, USA) !:IiU3 7 t, 
20 5 % C O 2 ®^#^ C Oz-f a;-^ - (Tabai, 

Japan) * K X t& * * ff t£ o 0 1 4 0tftC|Slfcffi»«{T 
£ *5 ^ T n P - - * m SO & ff AH b T, B F U - E . C F 
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U-GIVU CFU-MSt;CFU-GEMM|^l!l]l/c 0 
%r m Ife i* 4 m ft tH fc^ l^m^^F^ (Mean) ± ft 20 m M 
( S E ) T'^ L fz 0 

■£tz.m<9 commit, f i t cuac d 3 a ? ? x 1 1 1 

5 tfittS a* P E ^l^6LC-kitin]-f$ 1? ^ I, C D 3 4 & 
c-kitfit m CD 51 51 S £ F A C S c a n T* fflf ^ ^ 3t 
(Mean fluorescense intesity) <&$£ffiHCD^--f 

( 2 ) 

10 f IL/cCD 3 4 + c-kit-|fflM^®(R 2) , C D 3 4 + 

c-kit 1 ow m ( r s ) u;cd 3 4 + c -kit huh ii 

ft M (R4) a-MEM (1 0 % F B S + 1 0 % H 

oS-^W) izmm It, IBB#ttt2 4 ^iJpri/ - h 
HI T 2 4 B# ra *gP « U /Co # # Btj S 2 4 B# HQ jg # & © jg. 
15 #HR2. R3&t>*R4©#fflM£> ^tlftlF I TCI 
ffift C D 3 4 ^ 7XIIIR;#S O'P E&if&ffcc-kittnlft:* 
ffl^T^fe FAC S c a n £ T C D 3 4 "jfcffl 

* © & * £ EI 2 ic ^ -To 
20 0 2 y-f (R 2, R 3 & R 

4)©i*#Hu©§§J|/N 0 ^->(E|2<£s A). & t>* 2 4 
B#igig«&<Z>##® (R2. R3#0*R4) <Dftm'** 
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- > ( m 2 *k b ) ^^t 0 

( A ) © c -kit CD IS 51 K Jfc ^ 2 4 B# ^ f ^ ( B ) CD 

c-kit <D mm&ig Ik l/Tl^fc. C D 3 4 + c-kit~# t® CR 

5 2 ) ic h t c-kit^ ^©isgi3&<aj6e>nfc*<> 2 4 b# 
m & k ® m. z n z m m & \-t <s> tsi & ^> ti 0 

C CD 5> j® (R2) ©MflSCD0lR^<£:[plJi$-y:S/zJ6. 
a£jfa#iB5^1#MH^<bLTs FL, I L - 6 i ^ , fc t 
h # ^ @ ffl ^ ©t C D 3 4K#^|^fcCD3 4 x 

10 L s t U (C S C F ( stem cell factor) Id *f L T ffi $jt ft 

m iz m to t t # *r <c o fc 0 

ftp C D 3 4 *c-kit-*ffl 7 0 0 Ofo'o, * tl -6 

15 *«Jin(*R«JlP**rJISt"rS) LT, 30ffl^«U * 
£ KB m, £ bf ^ >y r- > ^ K «fc 0 U JR L T IB IS Sfc * It Ml L 

^O^s IffllS^F ITClitCD34^7XHIiiLft 
S^P Efiic-kittiift^ffl^T^^lTs FACSc 
20 a n ^i^TC D 3 4 + iii;^oij-5 c - ki t# CD §6 II « 

us * m ^ *:<, 

* © & * * 0 3 tC ^ t„ 
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m 3 ic *? ^ r> ( a ) . w m ffi m m m ( * *fe © * ) © 

(B ) {2 F L (10 0 ng/ml) g£ in © 3Kf Jft*^ ( C ) 
Ji I L - 6 (10 ng/ml) CD ) t± @ ffi -ft St 

CD 3 4Sfl:$l^fcCD 3 4 x LO^I^ ( E ) 12 F . 

5 L ( 1 0 0 ng/ml) + I L - 6 (10 ng/ml) g§ An O ft 31 
( F ) li F L (100 ng/ml) +■ I L - 6 (10 ng/ml) + 
I L - 7 (10 ng/ml) £n © H £ , (G) ii F L (100 
ng/ml) +IL-6 ( 1 0 ng/ml ) +IL-7 (10 ng/ml) 
4- CD 3 4 x Ljfcin<DSfm&*ft'e*l3F?"o 

10 |SIJRSnfclBJS»[*^«IL/fej|§**T8aSE2 }C ^ -f o 
< ^ 2 > 


15 




(A) & (MArttRK) 

5 0 0 

(B) « CFL#S!) 

3 0 0 0 

(C) m ( I L-6W 

2 5 0 0 

(D)t(CD3 4XLIi) 

15 0 0 

(E) * (FL + I L-6) 

3 0 0 0 

(F) » (FL+ I L-6 + I L-7) 

6 0 0 0 

(G) ^ (FL+I L-6 + 

I L-7 + CD 3 4 XL) 

5 5 0 0 
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*J l> T> F L N I L-6(DijDSCfCD 3 4 xLti^f 
tl *> c-kit# ^ * f£ II $ _B o 5£ iflBL ^ m IS © EI iR m * IrI 
J:S^5C<!:A<B^^"e*5o # K> F L ft, « §| ft c 
5 iSs M f Z Z t \Z «k o T> CD3 4 + c-kit-|116i;j!itLT| 

■c * £ c: t ifi ^ $ ti tz o * :n^fflt5:ti;J; 

!K ffl IS © m JR ^ — Ji fa Jb #f'FL+IL-6+I 
L-7^iiSt;F L + I L-6 + I L-7 + CD3 4 xL 

io & m % T- $ m b ^ la is <t (5 « m © m <d m m m jr -e 

#C iEFL+IL-6+IL-7 + CD34xL| 

^st i ~ 3 b ®^,fi(:.$j^T, c-kitfr ^ <d mm 

15 {i#.aMc_h# U 8BIi:tf-^i:iStS:ii<?l6^ 
<t'tt fco CCD^«^-C«. i£«3 0gT'CD3 

4 -c-kifCD ffl SI *< ft! 11 Is d tl & W ft 4k <Z> M Aj tz 
MMT & Z> £ % x- Z> titzo 

H C D 3 4 + c-kit~igJ5a©^#{-^ *) «§ i» £ ft /c _h 

20 m C D 3 4 f c-kit + 3ffl i§^if0j;^no--lll*t 
L T £ ^ £ 1$ £ *6 C D 3 4 + c - k i t ' Iffl £ £ffl 

ft" * ^ ^ - b ± "C. FL + I L--6 + I L-7 + CD3 
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4 x L T- ft] M L ft ifi b * * U fco 4 8 B# M & K ±g # *ffl 
^iKbt, FITC*ttStCD3 4^7^infitffK0 c 
PE^a^c-kitlnl^^ffi^T^feLT. FACS t a r 
* ^ T. 0 1 ©Ct^bfcR 3(CD 3 4 + c-kit ,ow ) 

5 SlO*R4 ( c d 3 4 + c-kit hUh ) ©#|gis©^ii^y- 

-5 > ^ 7 7 t ^ i; J; ^ T i < fco 

C CD M if t© C D 3 4 + c-kit"liIS© 3 d 

& j&m %. v m m k v - -< > y Ltz c d 3 4 + c -ki t ! 0 w #e 

10 m, t C D 3 4 + c-kit hi8h 0J^CD^tl^ncDr3 
IS cd JH £ 5* Jr. ^®^3fr^-To 


15 


20 
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< m. 3 > 




B F U — E 

CFD-CM+CFU-M 

C F U — G EMM 

O JJ o 4 C-Klt 

3. 3 ± 1. 1 

6. 3 ± 1. 3 

0. 0 ± 0. 0 

CD 3 4 + c-kit ,ow 

11. 0 ± 3. 4 

2 5. 8 ± 2. 5 

0. 0±0. 0 

CD 3 4 + c-kit hl " 1 

19. 0 ± 2. 0 

2 5. 3 ± 1 . 3 

0. 5 ± 0. 3 

C D 3 4 + c-kit--> 
CD 3 4 + c-kit'" 

6. 3 ± 2. 3 

2 5. 5 ± 2. 5 

0. 0 ± 0. 0 

C D 3 4 + c-kit"— 
CD 3 4 + c-kit h,fh 

12. 3 ± 1. 4 

2 8. 0 ± 1. 9 

0 . 3 ± 0 . 3 


m 3 £ # sCr* £ J: "5 i-^ C D 3 4 + c--kit-|ffi * KH IS # 
* 1£ f - H7FL + I L-6 + I L-7 +• C D 3 4 x 
L-efUm. ^ttS C ii: J; o Tii^tlfc C D 3 4 + 
c-kit 1 °*m R C D 3 4 + c-kit h 1 £h *i AS fcU f§#HU© 
20 C D 3 4 + c-kit~|ffl^(Cjt;^<T> n o — - j& f £ ^ U < 
±t flD U ftlC¥!ILfcCD3 4 t c-kit" M, iiSC;CD 

3 4 + c-kit hi ' h i« cutset i <t mmm® n p - 
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ft^fC. C D 3 4 "-c-kit-jfffl ]f& t>©c-kit^^©f£?S 
S§ i» ^ ffl IS 3* 14 7° P - hJK^©*#«l=^^Tfej6C 
*5 ?# 3 feCTifeS^S^^W^Sfcfei:, C D 34 + c-kit~ 
5 KH IS * Iffl IS ft # '14 © 'p ^ J? £ M SS it * ffl -T U - h S £>* 
*ffl US rt< (3 t A, if ft * L is ^ # y -f n t°l/>If a -7* Id 
^n?ni«tt> 5 % C O 2 . 3 7 °CTK2 4NFf|^fi 

* *T tt -3 fc o 

10 @4 i:fc^T> A C D 3 4 + c-kit~|ffl IS a -MEM 
(1 0 % F B S + 1 0 % H o S W ) <D friCMM £ 

3 4 + c-kit-«iS^ F L (lOOng/ml) ^ t « ~ M E 
M (10%FBS + 10%HoS-^W) id M M £ T # 
15 ^!SSS^*^^'U-h [ fTr^#b/cM^^> £ C C 
D 3 4 + c-kit"aiS^ a -MEM (1 0 % F B S + 1 0% 
H o S m ) O^ICfiiSStT^olfl/^Sfa-yc 

# L fc & ^ * * n * ft m -t o 

B4^6*)i>5«t5i:N I 2 © B (R2) 3 © 

2 0 (A) Kit^T. «BI&#*'tt©ffi^##* «S <^ c-kit# 
© & a 01 # # <& T -f 5 c t ifi m h t ts o fc„ # 
^Dtfl/>»f a -y*J8^fc»^l^ ^ < c-kit# ^ © 
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m m \t m #> e> ft ft ^ -> tz 0 £ fc. c cDc-kit^-^©^ia^ 

§ ft -o fco 

C D 3 4 + c-kit-iSS^^lftfi i 

5 Ltffl^t> RftttCJ: o FL+IL-6+IL- 
7 + C D 3 4 x L t'fljl, HIT, CD3 4 ^-kit'ft 
ISs -T^t)-&CD3 4 + c-kit 1 ow/h 1 gh |ffl m & # & 26 {C 


15 


20 
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2 6 

it 3& <d m m 

jfiL » KH fl£ © j# # feo 

z i $z m ® m fa & m m <d m m jj -mo 

10 

3 atJfii^jlffllSJeWH^^N f 1 t - 3 y # > K (FL), 
15 ©^t^teo 

*a us c s # -r * % © t * 5 c t zmmt-t zntizm i ^ 

20 

5 ft # # « * >K y H/«0*««T*5 
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jfiDL ^ jftB J& O t&^Jl ifeo 

6 5* f£ # * # *©**^®3^«BI&ft3ttt*i»- 

7 m w m m ^ i o % # « it f b s & i o % # m 

it * jfflL i* £ ifc ft! L 7t a - MEM* tz I* X zi ? &m ? 

8 HC, f 1 t - 3 'J y K 1 0 0 ng/d, O ^ - 

io ng/mU > ^ — n ^ > - 7 10 
ng/ml& CJt @ fi lb fit C D 3 4 (1 0 ju g/m 1 CD » £ X' @ 

is ffi ) ^^.tt-ss^saiRsns^tt < i: — ffl * ^ in 
^^^a^^^n^ c i^if ttss^s 7 mm com 

20 9 gft^l^ 3 7 °C . 5%COzT-Vftfr>tlZ>Zt 
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5 11 lil^'C D 3 4 + S c-kit + t LT#li$:o J lj- £ n 
& & © 7? £> £ . IS * ^ 1 0IB|fe©ifejfiL^^BJ|g o 

12 gilS^CD 3 4 + & O'c-kit 1 ow £ li C D 3 4 + 
&£>*c-kit hi8h £: L T # £§£ £, tl Z ft^^ 

io i i mm (Dm ik Mo 


15 


20 
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